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UNRAVELING CORTICOBASAL SYNDROME AND ALIEN LIMB
1
SYNDROME WITH STRUCTURAL BRAIN IMAGING
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acknowledged by Brion and his colleagues as 'main étrangére' (Brion, 1972 Sala et al., 1991; Marchetti & Della Sala, 1998; Synofzik, Vosgerau, & Newen, 2008) .
11
Alien limb, or posterior variant, seems related to the postcentral gyrus and somatosensory cortex,
12
while anarchic limb, or frontal variant, seems related to the supplementary motor area and medial
13
prefrontal cortex (Hassan & Josephs, 2016; Marchetti & Della Sala, 1998 (Armstrong et al., 2013) . Revised diagnostic criteria of CBS consider AL an important 20 diagnostic criterion, seen in 30% of CBS patients. However, the exact anatomical correlates of M A N U S C R I P T The study was approved by the local ethics committees (Leipzig:ID137-11-18042011).
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9
Participants were fully informed and gave written consent in accordance with the Declaration of 
Data acquisition
13
T1-weighted structural brain images were acquired at each center using the magnetization-14 prepared rapid gradient-echo (MP-RAGE) sequence implemented on 3T scanners (Table e -2).
15
Although scanner parameters slightly differ, an F-test in SPM revealed no significant influence. analyses, clusters were detected applying an uncorrected voxel-threshold of p<0.001.
12
The three patient cohorts (CBS, CBS-O, CBS-AL) were compared with healthy controls in CBS patients and controls as well as between CBS-AL and CBS-O using libSVM 3.18 (Chang & 21 Lin, 2011). Classification accuracy was obtained by cross-validation using the "leave-one-22 subject-out" approach. Specificity and sensitivity were calculated by the number of correctly 2017) as suggested previously Meyer et al., 2017; Mueller et al., 2017) 8 and generated using the WFU PickAtlas 3.0 (Lancaster, 1997) . Contrasting CBS with alien limb syndrome to controls, lower gray matter volume was found in inferior occipital gyrus and posterior insula/ putamen were compromised. with controls. This suggests the difference was driven by the CBS-AL patients. 
Supplementary motor area is a neural correlate for alien/anarchic limb
14
Although CBS is mainly asymmetric it affects both body sides. Interestingly, AL is reportedly and selected (Frith et al., 2000) . motor programs (Sumner & Husain, 2008) . Thus, the brain needs to weight several competing primed by surrounding objects, may account for the well-executed and purposeful anarchic limb 7 movements. In the exploratory analyses however, we could not confirm atrophy in the 8 supplementary motor area in anarchic limb syndrome, which may have been an insufficiently 9 powered analysis since it only involved three patients.
10
Why the affected limb would be experienced as foreign in alien limb syndrome is not clear. One 11 hypothesis is that disruption of parietal circuits leads to dysfunction in self-attribution (Sarva, 12 Deik, & Severt, 2014). Thus, alien limb seems to arise due to a disturbed sense of ownership, but 13 not disturbed sense of agency (Synofzik et al., 2008) . Overall, the neural network processing 14 body-ownership comprises the right temporo-parietal junction, right insula, inferior parietal 15 cortex, and premotor cortex (Tsakiris, Longo, & Haggard, 2010) . In line with that, Hassan and Contrasting CBS-AL to controls, putative atrophy was also found in the right cingulate cortex,
8
contralateral to the symptoms shown by the patients. In exploratory analyses, we could confirm 9 volume loss in the cingulate cortex in the alien limb syndrome cohort but not in the anarchic 10 limb syndrome cohort. Already, Goldberg, Mayer, and Toglia (1981) for AL when implicated due to a lesion. Even at this time it was known that both regions are 13 connected reciprocally as Goldberg further reported. In an early study, Talairach et al. (1973) 14 observed, when stimulating continuously the anterior cingulate cortex in epileptic patients, that 15 they exhibited highly complex motor behavior even adapted to the environmental conditions.
16
This finding already supports the hypothesis that the cingulate cortex plays an important role in movements of the left arm (Brázdil, Kuba, & Rektor, 2006 The support vector machine analysis was able to distinguish between CBS and controls as well all patients had underlying corticobasal degeneration (Armstrong et al., 2013 
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